InTROduCTIOn
Fatigue is one of the most common symptoms patients with cancer experience irrespective of age. 1 2 A Cochrane review reported that prevalence of fatigue during cancer treatment ranged from 25% to 99%. [3] [4] [5] However, compared with adult population, little is known about fatigue among children. [6] [7] [8] Two studies indicate it ranges from 35.6% 9 to 93%. 10 A retrospective study conducted among parents reported that 96% of children experienced fatigue in last month of their life, of whom nearly 50% experienced severe distress. 6 A number of reasons for this absence of evidence may be present. First, children with cancer undergo aggressive treatment focusing on curing disease where adverse side effects including fatigue tend to get less attention because they are not adequately recognised by patients themselves or unintentionally ignored by clinicians. 11 Second, inability of children to vocalise their experiences of fatigue may also be present. Despite this paucity of evidence, fatigue can be particularly distressing among children with advanced cancer 7 12 and can dramatically compromise their quality of life. [13] [14] [15] In light of current epidemiology, cancer-related fatigue among children needs special focus for its holistic management and adding quality to their life.
Fatigue has been defined in a number of ways including a 'physical condition' (weakness, exhaustion and decreased performance), 'mental state' (impaired Review cognition, unstable emotions) or a combination of both. 1 6 The 'objective performance' (declining abilities) and 'subjective experience' (patient's perception of fatigue) are other ways to define fatigue. 16 One of the most cited definitions developed by the National Comprehensive Cancer Network 17 views fatigue as 'a distressing, persistent, subjective sense of physical/ emotional and/or cognitive tiredness or exhaustion related to cancer and cancer treatment, that is not proportional to recent activity or that interferes with usual functioning'.
In past two decades, attention has been focused on experiences of children living with cancer. However, research published to guide practitioners in its management is not sufficient. 14 18 This is because the management of fatigue is challenged by the pathophysiology of this symptom occurring alongside many inter-related symptoms including pain, cachexia, anorexia, depression and anxiety either due to cancer itself or its treatment. 1 12 16 17 The management of fatigue includes pharmacological and non-pharmacological interventions. A small but growing literature suggests that non-pharmacological interventions may offer potential to relieve the physical and psychological distress associated with fatigue among children. 19 However, these studies require scrutiny to appraise their claims that they offer benefits including an improvement in quality of life. This review therefore critically appraises the effectiveness of non-pharmacological interventions for management of cancer-related fatigue among children.
MeThOdS

Selection criteria
Since the non-pharmacological management of fatigue for children with cancer is relatively new, this review was not limited to one specific intervention. Therefore, for the purposes of this review, non-pharmacological interventions included cognitive-behavioural therapy, imagery, relaxation, psycho-education, group therapy, psychotherapy, counselling, music therapy, massage, exercise, yoga and play therapy. (Complete selection process is presented as figure 1) .
We conducted an electronic search of the databases (via Ovid SP) comprising PsycINFO, Medline, CINAHL, EMBASE, Scopus and Cochrane using a broader search strategy to identify the maximum available studies on the subject. Our broad search terms for this review included 'cancer' and 'fatigue' which were searched as keywords in title, abstract, subject headings and mapped to free text. In addition, MeSH terms for cancer, that is, neoplasm was exploded and combined, using 'or' with cancer. Similarly, 'fatigue' was exploded to yield maximum results. Finally, all search results for cancer AND fatigue was limited to children and English language. We devised a more focused search strategy for EMBASE as large number of studies was generated with broader strategy. Hence, a number of specific interventions (like cognitive therapy, behavioural therapy, counselling, psychotherapy, education, exercise, play, music, yoga, group therapy, family therapy and so on) were searched as subject headings, whereas the groups of interventions like (cognitive-behavioural therapy, psychosocial, non-pharmacological) were searched as free text. All the search options were then combined with 'OR' to search through cancer AND fatigue (with limits of age and English language). Search strategy for Scopus and Cochrane was tailored to the nature of database. We purposefully kept the search strategy open to all types of research designs without any restrictions to publication year and/or database life in order to retrieve maximum literature. We conducted database search twice, first in February 2013 which was repeated in March 2015 using the same search strategy in order to include all those studies that might have been uploaded over a period of 2 years. (Sample of database search strategy presented in box 1).
data extraction
We identified a total of 1498 studies from all the databases. We subsequently selected 152 studies on the basis of their title and then filtered them for duplicates that resulted in 58 potential eligible studies. We then screened the abstracts during which 39 publications were removed, since they did not represent empirical studies or specifically focus on cancer and children. Finally, 19 studies were reviewed on the basis of meeting eligibility criteria and following inclusion criteria: (1) specifically focused on cancer and children between 0 and 18 years, (2) research studies (pilot/clinical trial/quasi-experimental) and (3) full-text availability. During this process, 13 studies were excluded, since they were not focused on children or fatigue was not the primary concern of the intervention. This resulted in a total of six studies to be included in this review.
Data were extracted using a standard data extraction form that included information like year of study, objectives, study design, settings, sample, measures, analytical procedures and results facilitating transparency in data analysis. A brief review of the selected six studies is presented in table 1. Data extraction was supplemented by reviewers' critical remarks about each research included in this review as presented in table 2. Both reviewers (TB and JK) developed and then refined the structured format for data extraction.
Quality assessment and grading evidence
We used a self-developed quality assessment form to facilitate the appraisal of the reviewed studies. The selected papers were then scrutinised using standardised criteria including abstract, objectives, sample size calculation using statistical power, recruitment and retention rate, random allocation, length of intervention, use of valid outcome measures, analytical procedures and the presentation of results (table 3) .
In order to ensure rigour and transparency in data extraction and quality assessment, TB first extracted the data from selected papers. JK then assessed a 30% random sample of papers to check accuracy of the data extraction and quality assessment process. We differed at few instances in relation to the reporting of the studies (specifically on study design and the reviewer's comments sections) and at six instances in relation to the quality assessment Review process (specifically focusing on adequacy of sample size, treatment and statistical methods). Consensus was reached after discussion.
ReSulTS
In order to make database search more comprehensive, this search was first conducted in February 2013 that was repeated again in March 2015 using the same search strategy. Over a period of 2 years, seven more new studies were identified after filtration, but six of them were review papers and only one was an interventional research, which was yet not available as full text. This suggests that the field of non-pharmacological research for management of fatigue needs more interventional research in order to develop strong evidence.
On the basis of intervention used in selected studies, these were grouped into three categories, namely, complementary and alternative medicine based strategies (two studies), exercise based (three studies) and nursing intervention (one study).
Complementary and alternative medicine based strategies (CAM)
CAM included massage therapy and healing touch therapy delivered by trained therapists. Two papers reported the use of CAM with children living with cancer. 15 20 One examined the impact of intervention on a group of symptoms including pain, distress and fatigue, 20 while the other examined pain, nausea, anxiety, fatigue and physiological measures including heart rate, respiratory rate and blood pressure. 15 In both studies, the intervention was administered in hospital setting either as inpatient or in day care. In the first CAM, parents were also given intervention (massage) to make their children more comfortable and achieve greater participation of children; this resulted in a better retention rate (73.9% as compared with 66.6%). 15 In both studies, measures to score pain, nausea, distress, heart rate, respiratory rate and blood pressure were different in experimental and control groups; however, statistically significant differences were not observed for fatigue scores. This may be attributed to the enduring nature of fatigue requiring a longer term intervention to achieve results (only 4 weeks 15 and 8 weeks, 20 respectively, in the CAM studies).
exercise-based intervention
Three studies examined the effectiveness and feasibility of delivering exercise-based interventions to manage fatigue among children with cancer. Exercise included aerobics, pedalling a stationary bicycle and physiotherapy practice sessions. Only one study examined the effectiveness of an exercise intervention in a hospital setting 21 (either inpatient or day clinic); the two others were delivered in children's home. 11 22 Fatigue was the only subjective measure in two studies, 11 22 while Hinds and colleagues 21 included a sleep-based outcome in addition to fatigue. Recruitment and retention rates were higher (96.6% and 100%, respectively) when intervention was applied in a hospital setting 21 compared with when delivered in participants' homes (56.25%&44.4%) 22 and (80% &90.6%), 11 respectively, suggesting hospital-based interventions may be more successful in engaging and retaining participants. When the exercise intervention was delivered during active treatment, participation was higher (100%) 21 than when delivered post chemotherapy 11 and following treatment. 22 None of the studies identified statistically significant differences for fatigue scores postintervention phase.
nursing intervention
Only one study examined the effectiveness of nursebased interventions to manage fatigue among children and was delivered in a hospital setting to inpatients during the course of their chemotherapy. 18 This complex intervention comprised standard nursing care in addition to educating children and parents about fatigue associated with chemotherapy, keeping the child engaged in distracting activities, for example, drawing, reading, music, decreasing the duration of daytime (typically afternoon) sleep time and avoiding waking the child at night. The control group received standard nursing care. The strengths of the evaluation of this intervention include 100% retention rate and identified statistically significant difference in mean fatigue scores between intervention and control groups (t=5.67, p<0.00). However, the evaluation of this intervention is compromised by short duration of the intervention, the non-blinding of participants and small sample size.
dISCuSSIOn
We believe that this is the first systematic review to appraise the evidence of effectiveness of non-pharmacological interventions to manage fatigue among children living with cancer. We specifically identified three types of interventions that included (1) CAM-based strategies, (2) exercise and (3) nursing-based interventions. Exercise-based interventions were most common approach tested. However, we failed to identify a single research study based on psychosocial interventions that often have been used to manage fatigue among adult patients. 3 While studies using this approach may reside in the unpublished domain or represent negative studies that have not been published, this may also be due to the absence of this approach. Future research studies using this approach deserve consideration.
We note a number of important methodological issues from conducting this review that focus on study design and the populations studied. In most instances, studies reviewed were conducted in just one site, often with relatively small samples. This has repercussions for the generalisation of the findings to other locations. We note, however, this does not technically rule out replication in delivery of the interventions elsewhere, but this would have to be done cautiously and as part of a bigger study.
We suggest that crossover randomised controlled trial designs with adequate samples that help eliminate heterogeneity between the two arms should be used to test interventions. However, only one study 15 used this type of design. Adequate time is also a major consideration for studies; only one study 22 ran over a period of 12 weeks, while others used much shorter terms to test their interventions. This suggests that length of the intervention may be one of the factors contributing to non-significant results. Another major limitations we identify is non-blinding; in a number of studies, neither the participants nor the therapist was blinded. Moreover, children and parents were briefed about the potential benefits of Review A combined analysis of the reviewed studies reflects that hospital-based settings (In-patient Department (IPD)/clinics) are more successful in participant retention rate irrespective of nature of intervention. Future research studies that make use of home-based interventions may need to consider how they are able to maximise recruitment and retain participants for the duration of the interventions.
Furthermore, we identify that the involvement of parents in engaging their children during the course of the interventions was paramount. 11 15 18 
lIMITATIOnS OF The RevIew
This systematic review has a number of methodological issues that limit the inferences that can be drawn from the results presented. First, we did not examine grey literature or unpublished dissertations/thesis or conference proceedings. Second, the scope of the review was limited to English language. Both these limitations may have led to missing other studies relevant to the study question. Third, the varying design of the studies and heterogeneity of the populations combined with a relatively small sample sizes meant that we were only able to conduct a narrative review of the literature. Larger studies with similar methodologies and outcome measures would have enabled us to potentially conduct a meta-analysis of the study findings. Aligned to this limitation, the heterogeneity of the study designs challenged using a standard tool to grade the quality of the studies. We therefore had to develop our own quality assessment tool.
COnCluSIOn
In conclusion, based on the findings of this systematic review, non-pharmacological interventions for the management of fatigue among children are currently limited to massage therapy, exercise and nursing interventions, although we are unable to conclusively say which intervention represents the most effective in managing this distressing symptom. This review also suggests that hospital-based setting is the best place for administration of non-pharmacological interventions as they produce high retention rates and maximise participation. Convincing evidence for effectiveness of any intervention is currently absent. Therefore, in clinical practice, current interventions need to be used with caution. In the meantime, fatigue will remain a distressing symptom for children with cancer. Future studies with more rigorous research designs, conducted on a larger scale, are urgently required.
